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Abstract 
In the precision manufacturing field, the major structural components are often made of rigid and massive elements. Those 
mechanisms are so fluctuated by swaying of building and resonating of ground floor that the precision gets lower. As a result, 
quality of products is declined. So far, to minimize the influences of result from external irregular vibration, various technical 
methods of the absorbing vibration are used. For example, vibration isolation table which use air damper and heavy granite 
surface plate are used. But, these devices need high cost and low mobility. In this paper, our target is to analyze the external
vibration and then to develop a mechanism which is able to reduce the effect. It is also able to be produced at a lower cost. 
Firstly, a silicone support is proposed as a simple vibration isolating mechanism. Swaying and resonating of a building have 2~4
Hz vibrating frequency when a person is running on a treadmill, similar phenomena happen. Therefore, the supports are mounted 
under the running pad of a treadmill. This is a passive vibration isolator. The support is designed to have low stiffness and high
deformation to isolate and absorb the vibration. As a result, it reduces the peak amplitude of vibration by about 80%. Secondly, a 
dynamic vibration absorber is developed to minimize the repetitive vibration. The absorber has a fundamental resonating 
frequency by its spring and mass. The resonating frequency is designed to have close value to the vibrating frequency of the 
treadmill. The length of beam can be adjusted to have variable resonance according to the external vibration. This absorber also
reduces vibration by 84%. The passive vibration isolator and dynamic vibration absorber can be applied to precision equipments 
with repetitive motion or with disturbance of swaying of building. 
  
1. Introduction 
These days, industry of mobile phone, semiconductor and display have been developed rapidly. These industries 
need micro- and nano-scale components. High accuracy and fine repeatability must be satisfied for their 
manufacturing. But, it is difficult to achieve the high accuracy and repeatability, because of irregular vibration is 
detrimental to the precision. Generally, the causes of the vibration are various. They are building vibration, sound 
noise, vibration caused by machine operation and etc. To reduce the building vibration and noise, vibration isolation 
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table is used. But, to reduce the vibration caused by reciprocating motion of machine, additional vibration isolate 
device are required. In this research, we propose two passive vibration reduction devices. One is silicon spring, 
another is a dynamic absorber. Firstly, a vibration reduction support with silicone springs applying to a treadmill in 
complex building. Before applying to a precision machine, we use a treadmill. It provides various vibration patterns. 
Secondly, we apply a dynamic absorber on the treadmill. A dynamic absorber consists of spring and mass. We also 
describe the design, analysis, and experimental results of the proposed modules. The silicone spring vibration 
reduction module is consisting of six silicone springs. These silicone springs not only support but also reduce 
vibration and noise. And, two dynamic absorbers are installed on a treadmill. To evaluate the performance, they are 
applied to treadmill. Treadmill is good example equipment to reduce repetitive vibrations because they are typical 
indoor noise source annoying neighborhood.  
2. Concept designs  
The device with coil spring and fluid damper is widely used to reduce vibration of the fitness equipments. 
However, the manufacturing cost of such a device is high, because it has several components such as spring, damper 
and fasteners. Therefore, in order to reduce the cost, we proposed the use of silicone springs and simple dynamic 
absorber. The silicone spring is used a support a treadmill pad. Simultaneously it has flexibility. So, vibration caused 
by human steps can be reduced.[1] And, a treadmill body consists of high stiffness structure. The absorber has a 
fundamental resonating frequency by its spring and mass. The resonating frequency is designed to have close value 
to the vibrating frequency of the treadmill. [2] The length of beam can be adjusted to have variable resonance 
according to the external vibration.  
Fig. 1 Concept design of vibration reduction 
3. Design for silicone spring 
Fig. 2 3D model of silicone spring                           Fig. 3 Fabricated silicone spring 
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Silicone springs are used as a vibration reduction device in treadmill deck support. Stiffness and deformation of 
the silicone spring are important factors. Two variables are adjusted considering design vibration of silicone spring. 
One is a thickness; the other is a width as shown Figure 2. The gap between treadmill pad and treadmill housing is 6 
cm. Therefore, the height of silicone spring is fixed to 6 cm. In silicone spring design process, the thickness is 
selected from 13 mm to 16 mm and the width is chosen from 40 mm to 60 mm. To reduce vibration, six silicone 
springs are installed on treadmill body. Each silicone spring can support 600 N vertical forces. Figure 3 shows a 
photograph of a silicone spring. The asymmetric hexagonal shape of this spring reduces the stress concentration 
caused by a vertical load. The reduced stress concentration results in a durability of the spring. The deformation of 
the proposed spring was simulated by conducting a finite element analysis using commercial simulation software 
(ANSYSTM). The vertical force is supposed 600 N. It is considered weight of treadmill exerciser. The stiffness of 
silicone spring is set to 55,000 N/m. It is based on stiffness of conventional support, 57,300 N/m. If the stiffness is 
less than designed stiffness, exerciser has a feeling such as running on a sand field. In addition, children and the 
aged can by suffered by the pain in their ankle and knees when the stiffness is excessive. In consider of yield stress, 
the maximum stress on the spring is observed to be 3.50 MPa.  
4. Design for dynamic absorber
When a treadmill is used, it is oscillated by repetitive vibration from human steps. And, its body is composed of 
hard steal frame which has high vibration transmissibility. So we propose a dynamic absorber which controls 
vibration by generating a force that opposes the excitation force of a resonant system. This is achieved using a 
spring-mass system that is tuned to have a resonant frequency equal to the frequency of the excitation force. The 
dynamic absorber is located on the both side of treadmill body. Each dynamic absorber consists of two cantilevers 
and masses on the end of them. Figure 4 and 5 show each dynamic absorber and their mounting on the treadmill.  
Fig. 4 3D model of dynamic absorber                           Fig. 5 Treadmill installed dynamic absorber 
5. Experiment
Fig. 6 Experimental setup                                 Fig. 7 Treadmill and exerciser of experimental setup 
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Experiment was conducted to verify vibration reduction capability. Vibration reduction is evaluated by 
comparing conventional support with silicone spring module and dynamic absorber proposed in this paper. Through 
the measuring vibration, we are able to secure the performance vibration. The purpose of the experiment is to 
investigate the vibration reduction by the silicone spring module and dynamic absorber. The vibration of the 
treadmill is detected by the acceleration on the floor. The acceleration measured every millisecond by an 
accelerometer (Lance CO., LTD., LC0116A). The measured vibration data is transmitted to a personal computer via 
a wireless communication device, ANYLOGGER. Software programs for data acquisition and a signal analysis 
are installed on the computer and dynamic signal analyzer, HP35670A. Figure 6 shows the experimental set-up and 
Figure 7 presents that an exerciser running on the treadmill. [3] 
6. Experimental results 
  The vibration in the proposed module is evaluated by comparing it with that in a conventional treadmill. All 
experiments are carried out on the same treadmill. The acceleration in the conventional and proposed module is 4.16 
m/s2 and 3.35 m/s2, respectively. In other words, vibration in the proposed module is reduced by more than 15 %, as 
shown in Figure 8. The absorber has a fundamental resonating frequency by its spring and mass. The resonating 
frequency is designed to have close value to the vibrating frequency of the treadmill. The length of beam can be 
adjusted to have variable resonance according to the external vibration. This absorber also reduces vibration by 84 
%, as shown in Figure 9.  
Fig. 8 Vibration reduction with silicone springs              Fig. 9 Vibration reduction with dynamic absorber 
7. Conclusion 
In this paper, we have described the design, analysis, fabrication, and experimental results of a mechanism for 
reducing the vibration and noise caused by indoor fitness equipment. The performance of the proposed module is 
analyzed by measuring the acceleration on the floor; this performance is shown in Figure 8. Especially, the silicone 
spring reduction module satisfies the international standards, ISO and ASHRAE. The proposed silicone spring 
module is advantageous because it decreases the vibration transferred and the manufacturing cost of this module is 
low. In addition, Figure 9 shows effective vibration reduction of simple dynamic absorber. Further, the proposed 
treadmill vibration-reduction module has a simpler structure and is more durable than other vibration-reduction 
module. Therefore, the mechanism of our proposed module can be applied to other indoor fitness equipment. 
Although the module is simple and has limited role to reducing vibration and noise, we are able to control vibration 
and noise from external force when a person runs on the treadmill. Furthermore, this mechanism can be applied to 
high precision machines. By reducing the vibration in a module that involves a repetitive process, the accuracy and 
repeatability of the module can be enhanced. 
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